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Method of rapidly consolidating particulate materials in wells 



(57) The present invention provides improved meth- 
ods of consolidating particulate material in a subterra- 
nean zone penetrated by a well bore. The methods 
basically comprise the steps of coating the particulate 
material with a hardenable resin composition and irradi- 
ating the hardenable resin composition coating on the 
particulate material with microwaves to thereby acceler- 
ate the hardening of the resin composition whereby the 
particulate material is rapidly consolidated into a sta- 
tionary permeable mass. 
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Description 
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sands. Heretofore, such loose and ^ That is. the incompetent sands in the produce 

„ more ***«. are temaj^nd ™%l*£Zg^Jp^ ™»« is <*w»«l in «,.»«- 

flow-back with fluids produced ^ e J^^j^J^ ^ as sand are carried to a subterranean zone or forma- 
[0004] In gravel packing operators, sotd [9»+»™* !J£ TheWel pack is typically formed between a screen 
tion in which a gravel pack is to be placed . £ jell J^™*^ fthlSl bore The gravel making up the gravel 
and the waits of a well bore or the ,nsde 8U J^^'^^to harden whereby the sand is consolidated 
pack is often coated with a hardenable resin < f p ^^^ t ^^J^^ be performed as a high-rate water 
So a stationary permeable ^^^J^X^^^ S«f rate into the subterra- 

^SnST^ 
l^To,^^^^^ 

by formation heating or by contacting ^.^l^^lT^n^ L eering processes have taken 
rials used have been ^essfully c^dated ^^^^^^often exceeds a day. This shut-in time 
time during which the wells ^^J^^^^S^ *the form of lost production. Thus, there is a 
ITXZX^^^XZ^ in wells whereby the cense*** process rao.ty 
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takes place 

fT^MM^ nFTHFIWVEMT1QM 
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,0006, Thep^entic^es^ 

Let L need described above and ^^t^^ m %Z *^^£*£Lnean zone penetrated 
caOy comprised of the steps ^^apa^e^ ^^eWlenabie resin corrpositJon coating with 
by a well bore with a hardenable ^^^'^^1^^ and cause the rapid consolidation ofthepar- 
Scrowavestother^^ 

material and then causing microwaves to ^f^^^^^rf by a wel bore are also provided by the 
[00071 improved methods of ^^^ZS^^T^lSiLun^ fluid « pumped by way of the 
present invention which are basically ^^^^^ t0 ^ 9 Z^. A part^^oppant mate- 
wel bore into the subterranean ^J^^^^^^^^ fracturing fluid is earned into the frac- 
riai coated with a hardenable resin corrposrbon wheb is n ™ me tenable resin wrrpesition 

ture or fractures formed in the zona ™erea£.the ^^^J^^Zcn of the breaking of the 
coating on the proppant rnatenaJ ^^^ n ^^^^^ resin composition coating whereby the 
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bvTJ in!^ rt Z!^J^ in9 1 !. 9raVe, ^ in 8 s***"*™" *»• P^^ted by a well bore are also provkied 
by this .mention. The methods basically comprise pumping a carrying fluid having a particulate material coatedwrtha 
5 hardenable resin composition suspended therein into the sUrterranean zone wherebvSTin^^^^l! 

composrticjn coating on the particulate material is irradiated with microwaves to thereby cause the acceleration ofma 
hastening of »e resin composition coating whereby the particulate material is r^<^Z^T^^l 
mass. Thereafter, fluids are produced from the subterranean zone «*w*«aiea into a permeable 

DESCRIP TION OF PRFFFRRFD EMBQBtMBflS 

[001 3] In one method of consolidating loose and incompetent sands in a subterranean zona the eanrfe ««t^ 

S n^^f^^ 09 " 8 39ent ^ sands are «£5£E iZ Samper 

meable mass. In fractunng subterranean zones to stimulate the production of hydrocarbons therefrom T™^,^ 
proppant material, which is typically graded sand, may be coated with a hm6mS^^S^S^^ 
-n a fracturing fluid. The fracturing fluid is then pumped Into the zone at a rate artwe^aSS^i? suspended 
30 fractures therein. The fracturing flud carries th^ncZed or^ 

coating on the proppant mater* is caused to ^^^^^r^T^S^^^^ 

[0014] In the formation of gravel packs, the gravel, which is also typically sand, may be coated with . h Br w onilW . 
« composition and placed between a sand screen and the wals of avvefl bieVa 2S?f £P« Ewa^eSS 

P e^:n^ r ^ <X ^ 

[001 5] As mentioned above, in all of the above described well treatments, the hardenable resin comoositian is 
o *l 6 £ e " an6iin ZOne * farmB " ,on h83tin9 * ^ contact of the resin^ aZZ^Z SSl 

25S£ f?'^ 0 .^ " 80 hartenin B «*«*■ Howev*. in all of the procedures! a^d^Sewe! 

5 t>metr^aweiJrrustbashUHnbefr>ertcanbep^ 

reS,n TIK" ^ *"* irradiafin9 me "a*"** resin composition co^^e^c^m^ SSnSJ 

waves to thereby accelerate the hardening of the resin composition whera^epan^^^ 

dated mto a stationary permeable mass. »»*»»w«aw materia is rapNfly consofi- 

coated wrth a hardenable resm composition by pumpng the hardenabie resin composition into thTs^e^^™! 
containing the sands When the particuJate materia to be consoldated is 00004^^^^^!^ 

T«ZZ * *ZT a *" PartCUlate ^ ^ coated with a hardenable resin £Z£3Z££££, 

at the srte or the particulate material can be coated ^t^vun^m^^TlmJSS^^i^ 
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. , . „ ^rt.rin- carrvina fluid and the fracturing or carrying «uid is pumped into the subterranean zone 

mTei mfJeifation oTthe hardenable resin composition with rrta owaves is accomplished .n accordance with the 
10019] The irradiate* ot trie d rriaowaves. e.g. an electronic microwave genera- 

present invention by towenng oro^Mtn^portng a J^^^^J^ to te from the source 

srt^e^^^ 

dTlb^^ 

n^n zone accelerates the breaking of the gelled fluid whereby rt rapdly reverts to a ^ n *^ a well bore 

lypcany sar«» uu «r Series. The sand preferably has a partide size in the range of from 1 0 to aoout 

about 2 to about 400 mesn. u.a. oieve owibs. i ' j<n.9nmoeh ?0-40mesh 40- 

70 mesh US Seve Series, and has a particle size distribution range of one or more of 10-20 mesh, 20-40 mesn. *u 
60 mesh ot 50-70 mesh, depending on the particular application involved. . „. wel| 

ni<» «f suitable diluents for polyepoxide resins are styrene oxide, octylene oxide, furfuryl aiconoi. pnerex* ™™J"-'"* U " 
a^s^ly^dyT^er. and liquid diepoxides such as diglycidyl ether or resorcmol. Examptosd 

urea-aldehyde resins include, but are not tonrted 
Z!S5££^ are yeraly use*- wHh a. oftne ^Hous resins men- 

ZttJuSEiZi Apwticutady suitable such ca^gagent ^"^^^^^ 

25r^^ ™ e ^ coup,,n8 ^ * Wamin0e * 

toleni^eT'abole^out 150- F. However, to insure that the hardenable resin compost used m 

JSoHne interna, hardening agent is selected whereby it «uses therein ^^^^^^^ 
Period of time sufficient for the resin composition to be punped into a sub^ 
u^^nr^^mecunxxngtirrwcanbeu^ 

' o^s^S^^ 

r77* a ^rr__K- mine - am^es and pdyairides. A liquid eclectic mixture of armies and methylene diamine diluted 
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tions containing furan resins, phenol-aldehyde resins, urea-aldehyde resins and the like are hexachloroacetone 1 1 a. 
trichlorotrifluoroacetone. benzotrichloroide, benzytchloroide arxt benzalchloroida 

[0026] When a particulate material such as sand, bauxite or ceramic material is coated with a hardenable resin com- 
posrton and suspended in a fracturing fluid or carrying fluid, various techniques can be utilized. For example, as men- 
tioned above the particulate material can be precoated with a hardenable resin composition at a location remote from 
the job site and shipped to the site tor use. Alternatively, the particulate material can be coated on the surface at the job 
site using conventional techniques and then suspended in the fracturing or carrying fluid to be utilized. In an alternate 

^T^^'^f'f ^ 8U£pended in «™ ,luid the hardenable resin composition being 
injected into the fluid as the fluid containing the suspended proppant is pumped. La. the resin composition can be 
injected orMh«Hly in accordance with the methods described in U.S. Patent No. 4.829,100 issued on May 9. 1989 to 
Murphey. et al. or U.S. Patent No. 5.128.390 issued on July 7. 1992 to Murphey. et al.. both of which arTincorporated 
herein by reference. 

[0027] The gelled fracturing fluids or gelled carrying fluids which are useful in accordance with the present invention 
"* *» to those skilled in the ait and are generally comprised of an aqueous liquid such as fresh water or 

salt water combined with a hydratable gelling agent. When the gelling agent hydrates in water, the viscosity of the mix- 
ture increases. The viscosity can be further increased by combining a cross-linking agent with the mixture The 
increased viscosity reduces fluid loss and allows the fracturing or carrying fluid to transport significant quantities of 
hardenable resin coated particulate material into a subterranean zone and/or fractures created therein 
[00281 A variety of gelling agents can be utilized including hydratable polymers which contain one or more functional 
group such as hydroxy), cis-hydroxyl, carboxyl. sulfate, sulfonate, amino or amide. Particularly useful such polymers are 
polysaccharides and derivatives thereof which contain one or more of the monosaccharide units galactose^ mannose 
giucos.de, glucose, xylose, arabinose, fructose, glucuronic acid or pyranosyl sulfate. Natural hydratable polymers con- 
taimng the foregoing functional groups and units include guar gum and derivatives thereof, locust bean gum tara kon- 
jak. tomar.nd, starch cellulose and derivatives thereof, karaya. xanthan. tragacanth and carrageenan. Hydratable 
f y "f l et,c P°' ymere , a ^ cc-polyniers which contain the above mentioned functional groups and which have been un- 
ited heretofore include polyacrylate. polymethacrylate. polyacrylamide. maleic anhydride, methylvinyl ether polymers 
polyvinyl polymers, polyvinylpyrrolidone and xarrthan gum. w ' 

L°^!nr ^V™?^* *■« "HJh viscosities upon hydration. La. apparent viscosities in the 
range of from about 10 cent.po.ses to about 90 centipoises at concentrations in the range of from about 10 pounds per 
^ 93 '° nS t ° 3bOU1 80 P 00 "* per 1 000 S 8 " 008 are guar gum and guar derivatives such as hydroxypro- 
W»0^r and <»rt>oxymettiylouar. cellulose derivatives such as hydroxyetoyl-cellulose. carboxymethylcellulose arid car- 
b^ymeth^rrydroxy-ethylcellulose. polyacrylate. polymethacrylate. polyvinyl polymers and xanthan gum. 

'Tl .?J^i? ? 9 c' ,ed 1)136 d6SCrib6d leased by combining cross-linking agents 

«H^L?1 L 01 CroSS - |inkinfl a 0 ente which can be utilized include borates, multivalent metal 

salts, and other compounds which are capable of releasing multivalent metal ions in an aqueous solution. Examples of 
such multivalentmetal ions are chromium, zirconium, antimony, titanium, iron (ferrous or ferric), calcium, magnesium 
and aluminum. The above described gelled or gelled and cross-linked fracturing or carrying fluids can also indie into'. 
nal gel breakers which are known to those skilled in the art such as those of the enzyme type, the oxidizing type or the 
aad buffer type. The gel breaker's function to cause a viscous gelled fluid to revert to a thin fluid after a period of time 
so that they can be produced back to the surface after they have served their purpose. 

[0031] As mentioned above, in fracture stimulation procedures carried out in subterranean producing zones, a hard- 
enable resin composition coated particulate proppant material. e.g. graded sand, is suspended in a viscous gelled frac- 
tions' flu* so thai toe coated proppant is carried into the formed fractures and deposited therein when the flow rate of 
toe fracturing fhue I and the pressure exerted on toe fractured subterranean zone are reduced. The proppant functions 
to prevent toe fractures from closing due to over burden pressures, i.e., to maintain the fractures in aTcpen position 
whereby produced fluids can flow through the fractures. ^ 
L°^L S ^ffftoancewith the methods of toe present invention, a subterranean zone penetrated by a well bore is 
12" ?'i r l SUSpendinfl a P 3 ^ 1319 P r °PP ant ^aerial coated with a hardenable resin cornposrbon in a gelled 
fracturngflud. then pumping the gelled fracturing fluid by way of the weJ bore into the subterranean zone at a rate and 
pressure sufficient to fracture toe zone and carry toe coated particulate proppant material into toe fracture or fractures 
formed in toe zone and next irradiating the gelled fracturing fluid and the hardenable resin composition coated proppant 
rnatenaJ wrth rnjcrowaves to thereby cause the acceleration of the breaking of toe gelled fracturing fluid and toetad- 
ening of the resm axnpcsrtion coating on the proppant material whereby the fracturing fluid rapidy reverts to a thr fluid 
and me resm coated particulate proppant material is rapidly consolidated into a stationary permeable mass in the suS 
terranean zone. Thereafter, flu.cs are produced from the subterranean zona 

100331 Also, in accordance with this invention, a gravel pack is formed in a well bore penetrating a subterranean far- 
malKxi by suspend^ a particulate material coated with a hardenable resin composition in a carrying fluid purrocnothe 
carrymg fLkl and resin composition coated particulate material into trie annulus between a sand screen arxt trie walls 
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of the well bore whereby the resin coated particulate material is deposited in the annul us and then irradiating the resin 
coated particulate material with microwaves to thereby cause the acceleration of the hardening of the resin composition 
on the particulate material. As mentioned above, the carrying fluid can be a gelled fluid or it can be water pumped at a 
high rate to maintain the particulate material in suspension unti it is deposited in the annulus. 
5 [0034] In order to further illustrate the methods of the present invention, the following example is given. 

EXAMPLE 

[0035] Plugs formed of a variety of particulate materials were prepared in glass tubes. The plugs were about one inch 
10 in diameter by about two inches long. The particulate materials making up the plugs were coated with various harden- 
able resin corrpositions and the glass tubes containing the plugs were filled with various fluids simulating fracturing or 
carrying fluids. 

[0036] The glass tubes containing the particulate material and fluids were placed in a microwave oven having a max- 
imum power of 650 watts and were exposed to 20 percent of the maximum power for about 40 minutes. The results of 
is these tests are given in the Table below. 
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Particulate Material 



Sintered Bauxite 



Ceramic Material 



Chelford Sand 



Ottawa Sand 



Ottawa Sand 



Sintered Bauxite 



Ottawa Sand 



Ottawa Sand 



Size of Particulate 
Material, U.S. Sieve 
Series Mesh Range 

18-30 



20-40 



20-40 



20-40 



20-40 



16-30 



20-40 



16-30 



TABLE 

CONSOLIDATION 

HardenaUe Resin 
Composition 

Phenolic Resin 1 

Phenolic Resin 1 
Phenolic Resin 3 
Phenolic Resin 4 

Phenolic Resin 5 

Furan Resin 6 

Furan Resin 7 



Epoxy Resin 8 



Fracturing or Carrying 
Fluid 

Cross-linked aque- 
ous hydroxypropyf- 
guar gel (40#/1000 
oal) 2 

Aqueous solution 
containing 2% by 
weight KCI 

Aqueous solution 
containing 2% by 
weight KCI 

Aqueous solution 
containing 2% by 
weight Kd 

Aqueous solution 
containing 2% by 
weight KCI 

Aqueous solution 
containing 2% by 
weight KCI 

Aqueous solution 
containing 2% by 
weight KCI 

Aqueous solution 
containing 2% by 
weight KCI 



Observations 



Strongly consoli- 
dated-Gel broken 



Strongly consoli- 
dated 

Strongly consoli- 
dated 

Strongly consoli- 
dated 



Strongly consoli- 
dated 



Strongly consoli- 
dated 



Strongly consoli- 



Strongjy consoli- 
dated 
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1 Commercial available from Hepworth Minerals & Chemicals. Ltd. under the trade desiccation "NORCOTF pbima™, 

3 Ooss-ltnked with delayed borate cross-linker at pH of 11 5 ^ NORCOTE PRIMA*- 

Commercaly available from Hepworth Minerals & Chemicals, Ltd under the trade desimatbn "NORCOTE srdh with 
DOP- (shear resistant double coat with drill out preventor). ^ nuhcote SRDC wrth 

Commercial available from Santrol under the trade designation "SANTROL SUPER DC- (double coat) 

• ^ZSH ZSnt ST** ,nC " " Fi9W DM *"" »» traieo^in "SB ULTRA- 

c£S*? ^ 01 FieW Division, under the trade^S^ TRB^e- 

7 C^merciaJy available from Haiburton Energy Servces, Inc. under the trade desiccation "HYDROFIX- Th*r»« 
orvthe*. " ConrnerdaOy available from HaMurton Energy ServiceTS^ 
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100371 From the results of the tests given in the Table, it can be seen that the resin coated particulate materials fa*** 
were quickly consolidated as a result of microwave irradiation. pamcuate materials tested 

[OOtt] Thus, the present invention is well adapted to carry out the objects and attain the features and art^n**^ 

mentioned as well as those which are inherent therein. Whle rwnerouTchaiiflM^ 

art. such changes are encompassed within the spirit of this in^Z^SSS^Z a^ed^cS 
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X^st^T 01 COnS ° edatin9 PartaJ,ale " a «* te ™ « «™ P-etrated by a well bore com- 
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(a) coating said particulate material with a hardenable resin composition; and 

(b) irradiating said hardenable resin composition coating on said particulate material with microwaves to 
thereby accelerate the hardening of said resin composition whereby said particulate material is rapidly consol- 
idated into a stationary permeable mass. 

2. The method of claim 1 wherein said particulate material is coated in accordance with step (a) by pumping said 
hardenable resin conposition through said well bore into said subterranean zone and into contact with said partic- 
ulate materia! therein. 

3. The method of claim 1 wherein said particulate material is coated in accordance with step (a) by being precoated 
away from the site of sad well bore, by being coated on the surface at the site of said well bore or while being 
punped at the site of said well bore and then placed into said subterranean zone prior to carrying out step (b). 

4. The method of claim 1 wherein said hardenable composition is irradiated in accordance with step (b) by positioning 
a source of said microwaves in said subterranean zone and causing said microwaves to radiate from said source. 

5. The method of claim 1 wherein said particulate material is selected from the group consisting of sand, bauxite and 
ceramic material. 

6. The method of claim 1 wherein said hardenaUe resin composition is comprised of a hardenable organic resin. 

7. The method of claim 6 wherein said hardenable organic resin is selected from the group of novolak resins, polye- 
poxide resins, polyester resins, phenol-aldehyde resins, urea-aldehyde resins, furan resins and urethane resins. 

8. The method of daim 6 wherein said particulate material is sand and said hardenable resin composition further 
comprises an aminosilane coupling agent 

9. An improved method of forming a gravel pack in a subterranean zone penetrated by a well bore comprising the 
steps of: 

(a) punping a carrying fluid having a particulate material coated with a hardenable re6in composition sus- 
pended therein by way of said well bore into said subterranean zone whereby said resin composition coated 
particulate material is deposited between a sand screen and the walls of said well bore in said subterranean 
zone; 

(b) irradiating said hardenable resin composition coating on said particulate material with microwaves to 
thereby cause the acceleration of the hardening of said resin composition coating whereby said particulate 
material is rapidly consolidated into a stationary permeable mass; and 

(c) producing fluids from said subterranean zone. 

10. The method of daim 9 wherein said particulate material is selected from the group consisting of sand, bauxite and 
ceramic material. 

11 . The method of claim 9 wherein said hardenable resin composition is comprised of a hardenable organic resin. 

1 2. The method of claim 1 1 wherein said hardenable organic resin is selected from the group of novolak resins, pdy- 
epoxide resins, polyester resins, phenol-aldehyde resins, urea-aldehyde resins, furan resins and urethane resins. 

13. The method of claim 1 1 wherein said particulate material is sand and said hardenable resin composition further 
comprises an aminosUane coupling agent 

14. The method of daim 9 wherein said carrying fluid is comprised of water. 

15. The method of claim 9 wherein said carrying fluid is comprised of water and a hydratable getting agent 

1 6. The method of claim 1 5 wherein said hydratable gelling agent is selected from the group of guar gum and deriva- 
tives thereof, cellulose derivatives, polyacrylate. polymethacrylate. polyvinyl polymers and xanthan gum. 

17. The method of daim 1 5 wherein said carrying fluid further comprises a cross-linking agent 
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18. The method of claim 1 7 wherein said cross-linking agent is selected from the group consisting of borates and com- 
pounds capable of releasing muftivaJent metal ions. 

1 9. An improved method of fracturing a subterranean zone penetrated by a well bore comprising the steps of: 

(a) suspending a particulate proppant material coated with a hardenable resin composition in a gelled fractur- 
ing fluid; 

(b) pumping said gelled fracturing fluid of step (a) by way of said well bore into said subterranean zone at a rate 
and pressure sufficient to fracture said zone and carry said particulate proppant material coated with said hard- 
enable resin composition into the fracture or fractures formed in said zone; 

(c) irradiating said gelled fracturing fluid and said hardenable resin composition coating on said proppant mate- 
rial with microwaves to thereby cause the acceleration of the breaking of said gelled fracturing fluid whereby it 
rapidly reverts to a thin fluid and the hardening of said resin composition coating whereby said particulate prop- 
pant material is rapidly consolidated into a stationary permeable mass; and then 

(d) producing fluids from said subterranean zone. 

20. The method of claim 19 wherein said particulate proppant material is selected from the group consisting of sand, 
bauxite and ceramic material. 

21. The method of claim 19 wherein said particulate propping material is sand and said hardenable resin corrposition 
is comprised of a hardenable organic resin and a 

22. The method of claim 21 wherein said hardenable organic resin is selected from the group of novolak resins, poly- 
epoxide resins, polyester resins, phenol-aldehyde resins, urea-aldehyde resins, furan resins and urethane resins. 

23. The method of claim 21 wherein said coupling agent comprises an aminosilane compound. 

24. The method of claim 1 9 wherein said gelled fracturing fluid is comprised of water and a hydratable gelling agent. 

25. The method of claim 24 wherein said hydratable gelling agent is selected from the group of guar gum and deriva- 
tives thereof, cellulose derivatives, pdyacrylate, polymethacrylate. polyvinyl polymers and xanthan gum. 

26. The method of claim 24 wherein said gelled fracturing fluid further comprises a cross-linking agent 

27. The method of claim 26 wherein said cross-linking agent is selected from the group consisting of borates and com- 
pounds capable of releasing multivalent metal ions. 
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